Studies of weight and mortality sometimes state that the mortality relative risks for obesity from nonsmokers are valid estimates of the relative risks for obesity in both smokers and nonsmokers. extending this idea, several influential articles have used relative risks for obesity from nonsmokers and attributable fraction methods for unadjusted risks to estimate attributable fractions of deaths in the entire population (smokers and nonsmokers combined). However, stratification by smoking is a form of adjustment for confounding. Simplified examples show that the use of relative risks from only 1 stratum to estimate attributable fractions, without incorporating data on the stratification variable, gives incorrect results for the entire population. even if the mortality relative risks for obesity from nonsmokers are indeed valid in both smokers and nonsmokers, these relative risks nonetheless need to be treated as adjusted relative risks for the purpose of calculating attributable fractions for the whole sample. (Epidemiology 2014;25: 913-916) 
I n epidemiologic studies of obesity as a risk factor for mortality, it is sometimes recommended to calculate mortality relative risks for obesity from a sample of only nonsmokers because it is felt to be difficult to adjust statistically for smoking. 1,2 for example, Berrington de Gonzalez et al 1(p2217) state that "Stratification or exclusion rather than adjustment is necessary because smoking is so strongly related to obesity and mortality." An extension of this is the idea that the mortality relative risks for obesity from nonsmokers represent more valid relative risks for obesity in both smokers and nonsmokers and thus should be used to calculate population attributable fractions (pAfs) for obesity in the whole population, including both smokers and nonsmokers. for example, Calle et al 3(p1634) state "the estimates based on relative risks among men and women who never smoked … do not describe the fraction of deaths attributable to overweight and obesity among this population only. rather, they are estimates of the fraction of deaths attributable to overweight and obesity in the total U.S. population, on the assumption that the relative risks among those who never smoked offer the most valid estimates of the true effect of overweight and obesity on mortality from cancer." Calle et al 3 and others 4,5 have used relative risks for overweight and obesity from never-smokers to calculate attributable fractions from all deaths occurring in a target population that lacks data on smoking status among decedents. Here i present some simplified examples to show the potential errors introduced by this procedure. i compare the results from using 2 different computational formulas described by rockhill et al 6 for pAf calculations from generated data sets. following the notation shown in table 1 of rockhill et al, formula 1 is p e × (rr − 1)/(p e × (rr − 1) + 1) where p e is the proportion of the population exposed to the factor (in this case, to overweight) and rr is the relative risk of the outcome (in this case mortality) associated with overweight. formula 2 is pd × (rr − 1)/rr, where pd is the proportion of cases exposed to the risk factor (in this case, the proportion of the decedents who were overweight) and rr is the relative risk of mortality associated with overweight. this is a formula appropriate for use with adjusted relative risks when confounding exists. 6, 7 these computational formulas are valid for calculations, but, like other computational formulas, can give rise to misunderstandings and be used inappropriately because they are not definitional formulas that describe the underlying relations. 8, 9 perhaps because these formulas do not describe the underlying relations, attributable fractions are frequently calculated incorrectly. 6 When there is no confounding, formula 1 and formula 2 are algebraically identical to each other. However when relative risks are adjusted for confounding, these formulas are not equivalent, and formula 2 should be used instead of formula 1. rockhill et al 6 stated that "probably the most common error" was to calculate attributable fractions with adjusted relative risks in a formula, such as formula 1, that is appropriate only for unadjusted relative risks, an approach that has continued to be used. [3] [4] [5] [10] [11] [12] [13] [14] [15] Because stratification is a form of adjustment for confounding, 16 
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Katherine M. Flegal data on the numbers of deaths within each stratum were available, attributable fractions could be calculated within strata and summed over the population by using the weighted sum method. 7, 17 However, the required information (eg, the proportion of decedents who are smokers) is often not available. Small example data sets for illustrative purposes were generated using the approach outlined by Darrow and Steenland. 18 table 1 shows a generated data set in which the risk factor is overweight, the stratification variable is smoking status (smoker or nonsmoker) and the outcome is mortality. in this example, smoking is a confounding factor, since it is associated with a lower prevalence of overweight and a higher risk of mortality. the attributable fraction is calculated as the sum of the category-specific differences between observed and expected, divided by the sum of the observed numbers. there are 162 deaths in this example, but if there were no excess risk associated with overweight, there would be 150 deaths. the difference, 162 to 150, represents excess mortality associated with overweight. the "true" attributable fraction is thus 12/162 = 0.074 or 7.4% of all deaths.
the generated data sets varied only in mortality relative risks for overweight and for smoking and were otherwise identical. the results from using formulas 1 and 2 for calculating pAf for the whole sample from generated data sets with different combinations of relative risks for smoking are shown in table 2. All examples have the same mortality relative risks for overweight in both smoking strata and thus correspond to the assumption that the relative risks for overweight from nonsmokers are the correct relative risks for overweight in smokers as well. the mortality relative risks for smoking vary across examples, but in all examples the relative risks for smoking are the same in both weight strata. example 1 in table 2 is the same as the example in table 1. for this example, as shown in table 2, formula 1 yields a pAf of 9.1% for the sample and formula 2 yields the correct pAf of 7.4%. However, the use of formula 2 requires information on the proportion of deaths occurring among nonsmokers-information that is often not available. Because the mortality relative risks for overweight are adjusted relative risks (adjusted by stratification), formula 1 does not give the correct result when it is applied to deaths in the whole population without taking the stratification into account. As shown in this example, even if the relative risk for overweight calculated from only nonsmokers is the correct relative risk for overweight in both smokers and nonsmokers, nonetheless the estimate from using formula 1 will generally be biased if the stratification by smoking is not considered. this bias arises because the relative risk for overweight is adjusted via stratification for confounding by smoking, but the attributable fraction method used does not consider the stratification and does not account properly for the effect of smoking on mortality. We have called this elsewhere 17 the "partially adjusted" method of calculating attributable fractions, because the relative risks are adjusted for the confounder but the attributable fraction calculation is not adjusted for the effects of the confounder on mortality.
As may be seen, the true pAf values for overweight vary with changes in the mortality relative risk for smoking, because these changes affect the degree of confounding by smoking. Within smoking strata, there is no confounding by smoking. thus formula 1 and formula 2 both give the correct pAf values for nonsmokers and for smokers, considered separately. However, the pAf estimates for overweight in the whole sample using formula 1 are invariant to changes in the mortality relative risk for smoking, showing again that this approach does not appropriately account for confounding by smoking.
in examples 6 to 11 in table 3, the relative risk of mortality associated with overweight differs by smoking strata. in this case, neither formula 1 nor formula 2 gives correct estimates for pAf when used with relative risks for overweight from nonsmokers only. the magnitude of the error varies according to the mortality relative risks for smoking as well as with the mortality relative risks for overweight.
in these examples, the bias tends to be upward, but the direction of bias varies. Attributable fractions are complex functions that depend on the prevalence of the exposure within confounder strata, the prevalence of the confounder within exposure strata and the relative risks within each exposure-confounder subgroup. As a result, the magnitude and the direction of expected bias are not easily generalized. Darrow and Steenland 18(p53) found that "Bias in the Af [attributable fraction] increases as the magnitude of the confounding increases, and is dependent on the prevalence of exposure in the total population, with bias greatest at the lowest prevalence of exposure. Bias in the Af is also higher when the exposuredisease association is weaker." the relative risks of mortality for overweight from nonsmokers are adjusted, by stratification, for confounding by smoking. As shown in the simple examples provided here, attributable fractions of deaths in the entire sample cannot appropriately be calculated using these relative risks in a formula for unadjusted risk and then applying them to the entire sample while ignoring the stratification variable. examples of this error can be seen in the papers by Allison et al, 4 Calle et al, 3 and Mokdad et al. 5 the degree of bias from this approach is affected by the strength of the confounding by smoking. even if the mortality relative risks for obesity from nonsmokers are indeed valid relative risks for obesity in both smokers and nonsmokers, these relative risks nonetheless need to be treated as adjusted relative risks for the purpose of calculating attributable fractions for the whole sample. of normal weight  3  3  3  3  3  3  Smoking relative to nonsmoking among overweight  3  5  2  3  5  2  pAf values: true pAf 6.5 6.7 6.5 8.3 9.3 7.6 pAf1 9.1 9.1 9.1 9.1 9.1 9.1 pAf2 7.3 7.9 7.0 7.5 8.2 7.1 a pAf 1 is calculated from formula 1 using the rr for nonsmokers. pAf 2 is calculated from formula 2 using the rr for nonsmokers.
